Scientists have measured that what we can see of space is about a billion billion billion billion billion billion billion billion billion (10 81 ) times the volume of an average human. Inflationary theory suggests that the entirety of space is vastly larger. Quantum theory suggests that there are very many different copies of space of the same basic kind as ours (same laws of physics).
Aristarchus thought that the stars were actually much further away than the sun, which led him to believe the universe was considerably larger than the distance from the earth to the sun. Although none of Aristarchus' writings on this matter have survived, Archimedes wrote that Aristarchus believed the sun and stars were at rest and that it was the earth that revolved around the sun. (This reference makes Aristarchus the first person to propose the heliocentric theory, that the sun is at the center of the solar system.)
In order to avoid observable changes in angles between the directions to the stars as the earth moved around the sun (stellar parallax), Aristarchus had to assume that the distances to the stars were much larger than the distance from the sun to the earth. But most people accepted neither this heliocentric view nor the belief that the stars were much farther away than the sun, until Copernicus proposed similar ideas again in the 16th century.
Part of the objection to Aristarchus' heliocentric view may have been an assumption that as the home of humans, the earth ought to be the center of the universe.
However, a larger reason for assuming that the earth was at the center seems to have been the argument of Aristotle (who lived about 100 years before Aristarchus), that as something heavy, the earth would have settled at the center of the universe. Furthermore, it might have seemed incredible that the stars were so far away that their changes in direction would be unnoticeable from the earth if it really did revolve around the sun.
Aristotle did not conceive of the earth as the source of the gravity around it, as Newton did 2000 years later, but rather assumed that what we now call gravity would pull things toward the center of the whole (what we would now call the universe) [2] . Aristotle argued that this pull toward the center is why the earth settled there, the effect rather than the cause of things falling. Although this Aristotelian concept of gravity has proved to be wrong regarding the actual gravitational field surrounding the earth, something resembling it would occur even in Einstein's theory of gravity, general relativity, if there were a sufficiently large negative cosmological constant. This occurs in the hypothetical anti-de Sitter space-time that is a favorite toy model of many gravitational theorists today, though not as an accurate model of our universe.
By the Middle Ages, whatever exalted view of the central position of the earth some of the ancients may have had was generally replaced by the view of the central position of the earth as mundane, located at what Galileo called the "dump heap of the filth and dregs of the universe" [2] . Copernicans' praise of the sun's central location in the solar system is now misinterpreted as a degradation of the earth to a demoted position away from the center. However, at the time, the praise of the sun's new central position was an attempt to restore the lofty status of the sun after it had fallen from a more exalted position.
After Aristarchus tried (and inevitably failed) to find the true size of the solar system, it took a long time before an accurate size was discovered. The size of the earth could be accurately measured to a certain degree by the ancient Greeks because people could walk a sufficient fraction of the circumference around it to measure the difference in the upward direction (say relative to the direction of the rays of the sun at high noon). Then the relative size of the moon could be measured by comparing it with the shape of the shadow of the earth on the moon during a lunar eclipse. From the size of the moon in the sky (its angular diameter of about half a degree), one could deduce the distance to the moon. However, since the sun and planets are considerably further away than the moon, their relative distances could not be measured until centuries later.
The first precise measurements of the size of the solar system were made during the transits of Venus of 1761 and 1769, when Venus passed directly in front of the sun and could be seen as a small black disk covering a tiny part of the sun. The time it takes for Venus to cross the observed disk of the sun depends on how far from the center it crossed, and this depends slightly on the viewing position on the earth.
(The rotation of the earth also affects the transit time.) Therefore, by taking precise timing measurements of the transit durations from different locations on earth, one could deduce the distance to Venus and to the sun in terms of the known distances between the locations on the earth. (The ratios of the distances to Venus and to the sun at various times, though not their actual values, could be deduced centuries earlier from the angles between the directions to the sun and to Venus at various times.) Many countries cooperated in sending expeditions to distant parts of the earth to take these measurements of the 1761 and 1769 transits of Venus. Wars and bad weather hampered many attempts, such as the one made by the unfortunate Guillaume Le Gentil of France [3] . In 1761 he could not land at Pondicherry, a French colony in India, because the British had seized it, and he could not make his measurements from his ship that was tossing about at sea. He stayed eight years to make measurements of the 1769 transit (the last transit before 1874) and this time was able to set up his equipment on Pondicherry, which was restored to France by then. But after a month of clear weather, the sky turned cloudy on the morning of the transit, and he again saw nothing. He nearly went insane but gained enough strength to return to France, which took another two years. After being away for nearly twelve years in his fruitless mission to help measure the size of the solar system, Le Gentil finally got back home to find that his "widowed" wife had remarried and his possessions had gone to his heirs.
Once the size of the solar system had been determined, the next prodigious step was to measure the distances to the stars. For a sufficiently nearby star, this could be determined by measuring the change in the direction from the earth to the star as the earth revolved around the sun. The first successful measurement of stellar parallax was done by Friedrich Bessel in 1838, for the star 61 Cygni, a little more than 10 light years away (about 700,000 times as far away from earth as the sun).
Since then, the stellar parallaxes of over 100,000 other stars have been measured, notable by Hipparcos (HIgh Precision PARallax Collecting Satellite).
To measure the distances to stars and galaxies that are farther away, one must use other methods, such as the apparent brightness of stars or galaxies for which there is independent evidence of how bright they would be at a given distance (their intrinsic brightness or absolute luminosity). One obtains what is sometimes called a whole "ladder" of cosmic distance scales, with a sequence of "rungs" or classes of objects used to determine ever-greater distances. That is, the distances to nearby objects of one class are measured by one method (e.g., by stellar parallax), and the same class of objects (say with apparently the same absolute luminosity) is used to calibrate the next class of objects at greater distances, which is in turn used to calibrate another class of objects at still greater distances.
There are also some methods, such as measuring the angles, times of variability, and velocities of multiple images of objects focused by gravitational lensing, that allow one to get direct measures of some distances without using other rungs of the ladder. (The velocities of distant stars and galaxies can be determined by measuring how much the wavelengths of the light they emit is shifted, a "redshift" toward longer or redder wavelengths for objects moving away from us. Gravitational lensing is the bending of light by a mass, say of a galaxy, that is close to the line of sight from a more distant object, the source of the light. In some cases the light can be bent to reach us in two or more routes from the more distant source.)
Planets are grouped in solar systems. Stars like the sun are grouped in galaxies containing about one hundred billion stars, with our galaxy being called the Milky Way, or simply the Galaxy. Galaxies themselves are generally arranged in groups of less than 50 galaxies, clusters of 50-1000 galaxies, and superclusters of many thousands of galaxies.
It has been found that very distant galaxies are at distances nearly proportional to their velocities away from us, the proportionality constant being roughly the time since the galaxies would have been on top of each other at the beginning of the universe. Therefore, measuring both the distances and the velocities of distant galaxies can tell us the age of the universe. For most of my academic career this age had an uncertainty factor of nearly 2, but in recent years it has been determined much more precisely to be roughly 13.7 billion years, likely between 13.56 and 13.86 billion years [4] .
Since we cannot see beyond the distance light has traveled since the beginning of the universe, we cannot see further than about 14 billion light years away. (Actually, what we see as nearly 14 billion light years away has been moving away from us since the light we now see left it; one may estimate that today it might be about 50 billion light years away, but of course we cannot see that distance yet.)
This size of the observable universe, say 13.7 billion light years, is nearly a million billion (10 15 ) times the average distance between the earth and the sun (499 light seconds), and almost a hundred million billion billion (10 26 ) times the height of a human. If one includes the recession of the most distant observed galaxies up to their unobserved present distance of about 50 billion light years, one can say that the universe we have observed now has a volume more than a billion billion billion billion billion billion billion billion billion (10 81 ) times the volume of an average human.
However, this is not the end regarding our thoughts on the size of the universe.
The furthest distances we can see within the universe are limited by the age of the universe, since light can travel only 13.7 billion light years if the age of the universe is only 13.7 billion years. But what we see at that distance shows no sign of being near an edge or being an end to space; consequently, it appears likely that the universe extends far beyond what we can see. (There is also no sign that the universe is curled up into a finite volume, as the surface of the earth is curled up into a finite area in one lower dimension.) How much further the universe might extend of course we cannot directly observe, but we can ask how far it might extend. Basically, no one has thought of any convincing limit that would prevent the entire universe from being infinite. (It often seems as if the universe would be easier to understand if it were finite, but that is not persuasive enough to imply that the universe must be finite.) Even if the universe is finite, it might be enormously larger than what we can see of it.
Indeed, in the past few decades, a theory called inflation [5, 6, 7] has been developed to explain several of the mysteries of the universe, and it generally predicts that the universe is much, much larger than what we can see. One of these mysteries is the large-scale homogeneity of the universe, the fact that at the largest distance we can see, averaging over many superclusters of galaxies, the universe appears to be statistically the same everywhere. (There do not seem to be significant structures much larger than superclusters, or larger than about 1% of the furthest distance we can see.) The universe is also highly isotropic, with the superclusters of galaxies statistically nearly the same in all directions. A third mystery is the fact that the universe has expanded to become very large, and yet gravity is still important.
Inflation gives partial explanations of these mysteries by postulating that the early universe expanded exponentially to become enormously larger than it originally was. This expansion would smooth out whatever lumps there might have been (within some limits) and hence make the present universe highly homogeneous and isotropic at the largest distances. It would also tend to lead to a balance between expansion and gravity, so that the universe would not have already recollapsed as it otherwise might have, and it would not have thinned out so much that gravity would have become unimportant.
Of course, we may note that within superclusters of galaxies, the universe is far from homogeneous and isotropic, and gravitational collapse has occurred to form planets, stars, and black holes. Although inflation was not originally designed to explain the departures from the overall approximate homogeneity and isotropy that it successfully explained, it was a bonus that with a simple starting point, inflation could partially explain the observed inhomogeneities and anisotropies of our universe, which of course are essential for our existence. The idea is that although inflation apparently smoothed out the early universe to a very high degree, it could not make it completely smooth, because of what are called quantum fluctuations.
Quantum fluctuations result in the Heisenberg uncertainty principle, which contends that one cannot have precise values for both the location and the momentum (mass-energy times velocity) of any object. Normally for objects of everyday experience that are much larger than atoms, these quantum fluctuations are too small to be noticed, though some of the fuzziness and tiny ringlike appearance of floaters in the eye is due to the diffraction of light, which might be viewed as one form of quantum fluctuations. So one might expect that quantum fluctuations would be negligible for astronomically larger objects, such as planets, stars, galaxies, clusters, and superclusters of galaxies.
On the other hand, the universe is expanding, so in the past it was much smaller.
The entire universe we can now see was apparently once smaller than the width of a hair. And if inflation is right, it was even astronomically smaller than that. For such a tiny universe, smaller than the size of a present-day atom, quantum fluctuations can be significant.
One can calculate that quantum fluctuations in the early universe would lead to variations in the density of ordinary matter that formed later, and these density variations would then clump because of their gravitational attraction to form the planets, stars, galaxies, clusters, and superclusters we see today. Therefore, it appears that inflation, acting on the inevitable quantum fluctuations, can lead to the structured universe we see today. Indeed, our very existence depends upon this 8 structure that apparently can be explained by inflation that amplifies initially tiny quantum fluctuations.
Although we are not absolutely certain that inflation really occurred, it does offer quite a lot of partial explanations for what we observe. Therefore, it is interesting to see what other predictions inflation makes.
One of inflation's most important prediction is that the universe is most likely to be enormously larger than what we can see, which is limited by the limited present age of the universe. This is not just saying that the universe is likely to be billions of times larger than what we can see. Rather, suppose that we wrote a sequence of billions to tell how much larger the universe is. (Above we gave a sequence of nine billions multiplied together, 10 81 , or one with 81 zeros after it, to denote the number of humans who could fit into the volume of the part of the universe today that we have seen.) Not enough ink would exist in the world to write down the number of billions multiplied together to give the size of the universe. The size of the universe might be even enormously greater than a googol, 10 100 , 1 followed by 100 zeros, and perhaps even greater than a googolplex, 10 10 100 , 1 followed by a googol of zeros, which would require a googol of digits to write down as an ordinary integer.
As a googol is itself far larger than the number of elementary particles in the part of the universe we can now see, a googolplex could not be written down in the ordinary way (as a sequence of digits), even if one could write each digit with only a single elementary particle from all those within sight. And inflation tends to predict that the whole universe is even larger than a googolplex.
To put it another way, with only ten digits we could in principle assign a different telephone number for every human now on earth. But with each particle from the whole observable part of the universe taken to be a digit, we could not count the size of the total universe, according to many inflationary theories. Thus inflation suggests that the entire universe is enormously larger than what we can see of it, so much larger that it boggles the imagination.
Furthermore, one of the most prominent modern ways to understand quantum theory and its fluctuations (the Everett "many worlds" theory [8] ) implies that there may be an exorbitant number of universes, perhaps as many as the staggeringly large number of particles within the entirety of our universe if inflation is correct. So we think that not only is our universe very, very large, but also there are very, very many of them.
Many experts believe that string/M theory, which is the leading contender to be the physics theory of everything, predicts that there are many different kinds of universes [9] . The law of physics in each of them would be different. There might be one relatively simple overarching set of laws for the collection of all universes, but in each kind of universe, the apparent laws would differ, being merely "bylaws" for that kind of universe.
In many kinds of universes the "constants of physics" that lead to the structures of molecules we know would be different, so that these molecules would be replaced by different ones. In many other kinds of universes, there would be no molecules at all. In many others it is believed that even spacetime would not exist, though what would exist in its place is still rather murky in the minds of the theorists trying to understand string/M theory.
Some estimates are that it would require perhaps 500 digits just to list the different "laws of physics" of the distinctly qualitatively different kinds of universes within string/M theory [10] . And remember, each of these different kinds of universes can have googolplexes of particular universes (Everett worlds), and many of these particular universes can be so large as to have googolplexes of particles, planets, stars, galaxies, clusters, and superclusters of galaxies within them.
Suppose it took 500 digits to say which kind of universe one is in, a googol of digits to say which of the Everett "many worlds" or universes of that kind one is in, and another googol of digits to say where within one of those inflated enormous universes one is. Then it would take 500 plus two googols to specify where we are.
This would make us an incredibly tiny part of the entire collection of universes, which is sometimes called the multiverse.
One might seek an analogy of our place in the multiverse in terms of human experience within all the humans on the earth. Then one could take the 500 or so digits that specifies which kind of universe to be analogous to a specification of the genome of a person. However, listing the genetic code of a human, in the form of listing the sequence of about 3 billion DNA base pairs, requires specifying about 2 billion digits, many more digits than the 500 digits that some think would be needed to specify the kind of universe in string/M theory. Thus in this regard string/M theory would apparently be much simpler than human genetics, though at present it is perhaps even less well understood.
The googol of digits that specifies which of the Everett many-worlds describes our universe could be taken to be analogous to a specification of which person one is out of all those with the same genes. For people living on the earth at the same time, in most cases one would not need further specification beyond their genes, although identical twins or other multiplets that originated from a single fertilized egg would.
However, if one considered the possible memories and synaptic connections in the brain of a human with specified genes but with arbitrary experiences, one would need even more digits to specify those than just to specify the genes. For example, there are about a hundred billion neurons in the human brain, and each is linked to as many as ten thousand others, giving perhaps a million billion (10 15 ) connections.
If this were the total possible number of connections, and we had to say which ones were actually connected, we would need a million billion binary digits to specify this or roughly 30% as many decimal digits. In this manner, there may be hundreds of thousands of times more information in "nurture" (the conscious and unconscious memories recorded in synaptic connections that one gains from experiences) than in "nature" (one's genes). In a similar manner, a googol of information about which Everett many-world one exists in would be far more than the 500 digits of information which reveals which kind of universe one is in.
On the other hand, each of these 500 digits would likely have a far larger effect on the nature of the universe than each of the googol of digits specifying the particular universe, just as the information in each gene for a human may exude more of an effect than the information stored in a single unit of memory. Thus the nature vs.
nurture debate does not end merely with the observation that there is generally far more information in nurture than in nature.
Finally, there is a second googol of information that specifies where one exists within a particular Everett many world. This may be taken to be analogous to which lifetime experience a particular human of particular genes is experiencing. If one takes a person who is conscious for two-thirds of a 70-year lifetime, roughly 1.5 billion seconds, and says that he or she has one experience each tenth of a second, then this person would have about 15 billion experiences within his or her lifetime.
This would require just 11 digits to specify which lifetime experience a particular person is presently experiencing. These 11 digits are enormously less than the googol of digits it might take to specify where we are within our particular universe of a particular kind that has undergone inflation. But then, unlike the universe, we have not exponentially inflated.
The vast size of the entire multiverse makes it seem likely that almost all possible human experiences would occur somewhere. Indeed, if inflation is true, it seems likely that there are very many copies of us, spread throughout our vast universe, that have exactly the same genes and memories.
This existence of an enormous number of humans or other intelligent life forms would be true even if the probability per planet for intelligent life and consciousness were very small. In particular, we would likely exist in all of our details even if the probability per planet were so small that it is unlikely that there would be any other intelligent life and consciousness on any of the other million billion billion (10 24 ) or so planets that may exist within the part of our universe that we can see.
One implication is that we would have no real evidence to suggest that the probability per planet is large enough for us to have contact with other intelligent life. We cannot rule out the possibility of contact either, but the fact that the probabilities per planet could be so much smaller than one in a million billion billion suggests to me that it may well be just wishful thinking to suppose that we can ever be in contact with extraterrestrial intelligence.
Does this picture of a vast universe or multiverse make us insignificant, since we make up such a tiny part of it? I believe not.
The mere size of something does not determine its importance. Perhaps because of our past human history, when human physical strength (often correlated with size) was important for obtaining food, we have a tendency to admire physical size and strength in humans, for example, referring to someone as a giant in his or her field. But now, if we stop to think about it, we realize that this is mainly just a metaphorical expression, and importance really has very little to do with physical size.
For example, the author of Psalm 8, after implicitly recognizing that a human is far smaller than the heavens, responded with a praise of human glory: "For You have made him a little lower than the angels, and You have crowned him with glory and honor."
Even on a purely physical or mechanical level, it seems very likely that we are the most complex beings within our solar system, and perhaps even within the entire part of the universe that we can see.
Another issue arises with the view that the entire multiverse contains not just the observed humans on earth, but also presumably huge multitudes of other humans and other intelligent and conscious beings, widely distributed across space in our universe and across different universes and maybe even across different types of universes. We might fear that in this view we would lose significance because of our loss of uniqueness. But on further reflection, I do not understand why being unique is so important.
Even without considering his or her unique combination of talents, each person on earth is important just for being human, despite the fact that there have been nearly a hundred billion other humans living on earth. So why can't each person be important for being who he or she is, even if there are googolplexes of copies spread over the entire universe?
The urge to achieve importance through uniqueness has led humans to seek roles that are obviously unique within a society, such as being the ruler. But if we can realize that each of us is important, whether or not he or she is unique in any particular way, then we can be happy with our lives and fulfill our roles to show love to others who are also equally important.
